Abstract -Background: Spinal intramedullary ependymoma is a rare disease with a wide range of clinical presentation, generally requiring surgical treatment. Objective: Report our experience and present our surgical technique to achieve total resection and cure. Method: We present 12 consecutive cases of intramedullary ependymomas operated between 2000 and 2008 by the senior author (HT). The functional scale proposed by McCormick was used to evaluate the patients' neurological status. Results: Age at presentation varied from 18 to 55 (average 36) years. All tumors had a benign histology. Four (33%) patients were male and eight (67%) were female. According to the site of presentation, six (50%) were localized at the cervical region (including two at the cervicomedullary junction, two at the cervico-thoracic junction and two exclusively at the cervical level), four at the thoracic level and two at the conus/ cauda equina. Dyshestesia was a common finding at the neurological exam in eight patients (67%). Total resection was achieved in all cases. Six patients showed neurological improvement postoperatively, whereas the other six remained stable. Conclusion: Adequate knowledge of anatomy and the correct use of microsurgical techniques allowed total resection of these tumors with minimal morbidity and maximum functional recovery.
ependymomas are derived from ependymal cells that are located in the central canal of the spinal cord and constitute one of the commonest primary intramedullary tumors 1 . Most of them are hystologically benign, with a low infiltrative potential that in many cases allows complete surgical removal due to the presence of a cleavage plane. Almost 50% of intramedullary tumors in adults are ependymomas, consisting in slow-growing lesions that may involve different cord levels with a wide range of clinical symptoms [2] [3] [4] [5] [6] . Magnetic resonance is the gold stan-dard exam for the diagnosis of these lesions, generally showing an iso or hypointense intramedullary mass on T1 sequence, sometimes associated with rostral and/ or caudal cystic lesions, with well defined borders and homogeneous contrast enhancement. Heterogeneity and hyperintense signal on T1-weighted images may be consistent with a hemorrhagic component of the mass that may sometimes be clinically represented by strong headaches, similar to those of cranial subarachnoidal hemorrhage. Clinical symptoms depend on the size and topography of the lesion, but most frequently are insidious and non-specific, what can lead to a late diagnosis. Total surgical resection is the treatment of choice, as it can result in cure and functional improvement. When total surgical resection is achieved, postoperative radiotherapy can be avoided, decreasing complications and morbidity 7, 8 . We retrospectively reviewed 12 cases of intramedullary ependymomas operated by the senior author (HT), reporting clinical aspects and emphasizing the microsurgical techniques used.
METHOD
We present 12 cases of intramedullary ependymomas successively operated by the senior author (HT) between 2000 and 2008 at the Hospital of the University of the State of Campinas (UNICAMP). The neurological status before and after surgery was evaluated according to the McCormick scale 7 . Radiological findings and the lesions' topography was also reported 7 . All patients were operated without electrophysiological monitorization, unavailable in our service.
Patients were operated on in the prone position. Prophylatic antibiotics (first generation cephalosporin) and 10 mg dexamethasone Iv bolus was used in all cases.
All tumors were surgically removed under microscope magnification. A posterior midline incision was performed after radiological confirmation of the desired levels, followed by subperiostal dissection of the muscles until complete laminar exposure. A non-expandable laminoplasty using the open-door technique after new radiological confirmation of the correct levels was performed, exposing one level above and one below the level of the lesion. For the upper thoracic and cervical lesions the head was fixed in a Sugita device. In the two cervicomedullary tumors, we performed a median suboccipital craniotomy, opening the foramen magnum and removing the posterior arch of C1 and the lamina of C2. The dura-mater was opened longitudinally and anchored with sutures laterally. The arachnoid was then opened using microscope magnification and a posterior midline myelotomy was performed with sharp instruments after superficial low voltage bipolar coagulation of the spinal cord using 0.5 mm forceps. Identification of the interface between normal neural tissue and tumoral tissue is an essential step for total surgical resection, using adequate microdissectors. The presence of cysts can be helpful in finding an adequate surgical plane. lateral anchoring of the pia mater with 7.0 sutures can be extremely useful for gently retracting the spinal cord, thus helping tumor exposure and dissection. Avoiding bipolar cauterization is important in order to minimize damage to the normal tissue. Branches of the anterior spinal artery found at the anterior surface of the tumor should always be carefully dissected before being judiciously cauterized. Although advocated by some authors 8 , we try to avoid tumor debulking, as it usually results in loss of the surgical interface between tumor and normal neural tissue (Figs 1, 2 and 3).
RESULTS
Age varied from 18 to 55 years (36 average). Seven patients had a cellular ependymoma whereas five had a mixopapillary histology. Four (33%) patients were males and eight (67%) were females ( Table 1) .
The topography of the lesions is also showed in Table 2, with 50% of the tumors being located in the cervical spine (including cervicomedullary and cervico-thoracic junction).
Clinical findings: 8 patients (67%) had painful dysesthesias, the most common clinical finding, whereas 6 had long Complication  1  C  31  II  I  2  CT  31  II  II  Kyphosis  3  T  29  I  I  4  C  44  II  I  5  CT  37  II  II  Kyphosis  6  CC  32  II  I  7  T  51  I  I  8  T  55  II  II  9  CB  34  III  II  10  CB  33  II  I  11  CC  18  II  I  12  T  33  II  II CB: cervicomedullary; C; cervical; CT: cervico-thoracic; T: thoracic; CC: conus and cauda equina
Fig 2. Thoracic ependymoma. [A] Preoperative MRI; [B and C] Lamina exposure and laminotomy; [D] Spinal cord after myelotomy; [E and F] Tumor exposure after myelotomy and resection; [G] Spinal cord after total tumor remotion' [H] Tumor removed.
Intrameddulary spinal ependymomas Joaquim et al.
tract dysfunction, 2 had cauda equina syndrome, 1 had chorea syndrome and 1 patient was asymptomatic. At the immediate postoperative evaluation, the patients generally remained neurologicaly stable: there was no great improvement nor deterioration of the clinical status in the first days. At the late follow-up (5 months-6 years) we had a significant neurological improvement in 6 patients. Important is to note that amongst those patients that did not show neurological improvement in our series (6 patients) 2 were neurologically intact in the preop evaluation (McCormick I) and remained so in the postop. None of our patients had severe functional disabilities (McCormick Iv) before surgery.
Cervical kyphosis was observed in two cases (both on cervico-thoracic junction with more than 3 level laminoplasty), that required posterior instrumentation and fusion, but with no additional neurological deterioration.
There was not a single case of radiological residual tumor or late relapse in the control MRI in our serie (followup of 5 months to 6 years, median of 37 months).
DISCUSSION
Intramedullary tumors have a wide range of presentations. It is among the differential diagnosis of many spine pathologies, like benign mechanical pain of inflammatory diseases or spinal metastasis 9, 10 . Axial pain is reported in up to 60-70% of the cases 8 . Similar to our findings some authors reported that 10% of their patients had radicular pain or dysesthesias and about 50% presented with long tracts deficits. Tactile and pain sensation are usually afected first, because of the central topography of these tumors 8 . except in conus or cauda equina tumors, sphincter dysfunction is not common 7 . Acute neurological deterioration is rare, but can present after intratumoral hemorrhage, especially with the more vascularized papillary histology 6 . MRI is the radiological exam of choice, either for surgical planning or to rule out differential diagnosis 9 . Focal and symmetric spinal cord expansion is generally noted, differently from astrocytomas, the second most common lesions, which present more diffuse and heterogeneous characteristics. ependymomas have a homogeneous contrast enhancement, with well defined poles, and many present with cranial or caudal cysts 8 . once they are not infiltrative, their morbidity is caused by mass effect and compression of the nervous tissue. Neurological status before surgery is one of the most important factors affecting clinical prognosis of these patients 3, 7, 8 . In our series, using microsurgical techniques of dissection, just 2 out of the twelve patients had a mild deterioration in the immediate postoperative period. We could notice that with meticulous surgical tech-
Fig 3. Conus and cauda equina ependymoma. [A] Initial exposure; [B] Superior pole dissection; [C and D] Superior retraction with suture; [E] Roots dissection; [F] Final aspect after tumor resection; [G] preoperative MRI.
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Although there is no pathognomonic symptom of intramedullary tumors, epstein et al. 8 , reported that 100% of their patients (n=38) had dysesthesias just after surgery. In our series dysesthesias were the most common finding before surgery (eight cases out of twelve, corresponding to 67% of our patients). Some authors also reported some compromise of proprioceptive sensation after surgery due to the posterior myelotomy, with full recovery in some weeks.
In 2 cases we had a progressive spinal deformity (kyphosis) on radiological follow-up, requiring posterior instrumentation and fusion. In patients submitted to 3 or more levels of cervical laminectomy, with motor symptoms, bone fragilities and in children, concomitant instrumentation and fusion must be considered 11 .
Although ependymomas can be found at any topography in the spinal cord, a cervical predominance can be noted, possibly due to a small number of cases in each series ( Table 2) .
Age of presentation of ependymomas in the different series reported in the literature varied from 12 to 70 years, with average from 36-43 years-old 2, 3, 7, 8 . In Table 3 , we compared the percentage of total resection and tumor relapse. Total resection rates vary from 58 to 100% of the cases in all series.
The difference of late neurological outcome among different series (Table 4) can be attributed to many factors, like different tumor topography, surgical techniques, and clinical evaluation. Hoshimaru et al. 2 , suggested that thoracic ependymomas are more susceptible to intra-operative neural tissue injury due to the small diameter of the canal. However, in accordance with other authors, we strongly believe that the most important factor influencing the prognosis of these patients is the preoperative neurological status [2] [3] [4] .
In conclusion, it is our belief that anatomical knowledge and meticulous microsurgical techniques can improve the outcome of patients with intramedullary ependymomas.
